Abstract. Concrete filled steel tubular (CFST) structure has been widely used in construction practices due to its superior performances under various loading conditions. However, limited studies are available when this type of structure is subjected to impact or explosive loads. Current methods in relevant design codes are not specific for preventing progressive collapse of CFST structures. Therefore, it is necessary to carry out numerical simulations on CFST structure under impact loads.
Introduction
The steel reinforced concrete composite structure as a new structure type with good bearing refractory performance steel reinforced concrete composite structure as a new structure type with good bearing refractory performance, good plasticity and toughness, good seismic performance, and advanced economic index and so on. In the previous design specifications, mainly under the normal load of the safety design, does not take into account the role of accidental load. In recent years, natural disasters, terrorist attacks around the world, since 1960s, there have been three successive structural collapses: 1968 Ronan Point apartment gas explosion [1] ; 1995 Murrah federal government building car bomb attacks [2] ; 2001 New York world trade building aircraft crash [3] . From these painful lessons we clearly understand the urgency and importance of progressive collapse analysis and design.
The definition of continuous collapse means that the structure is destroyed by local damage under the action of unconventional load (such as strong earthquake, impact, explosion, fire, etc.), then the internal force redistribution of the structure causes the other parts to destroy and then form a chain reaction , eventually leading to partial or complete collapse of the structure.
It is very difficult to obtain a large number of structural dynamic response test data under the condition of vehicle impact because of the limitation of the dynamic test method. And the finite element analysis method is used to overcome the shortcomings of the structural dynamic test. This paper discussed the analysis method of progressive collapse of CFST column-steel beam with a commercial finite element model (FEM) code ABAQUS.
FEM Validation

Introduction of Impact Test
As the basis for the verification of the planar frame, the simplest and most important model is the confined axial column subjected to lateral impact. Firstly, based on the ABAQUS software platform, a series of numerical analysis models for the corresponding test of steel column under lateral impact load are established. The verification test consisted of 6 concrete filled steel tubes and 8 hollow steel tube concrete tests. Detailed information is summarized in Table 1 . 
The Finite Element Model
In the model, three parts were built: steel column, core concrete column and drop hammer. The steel pipe adopts the 4-node finite film strain linear reduced integral shell element (S4R). The concrete adopts the 8-node 3D linear reduction integral entity unit (C3D8R). Because the stiffness of the falling hammer is larger than that of the impact column and the deformation hardly occurs, in order to improve the computational efficiency, reduce drop hammer to rigid, 4-bus unit of three dimensional rigid body (R3D4). In the constitutive relation of materials, steel adopted with Bilinear model, core concrete with Concrete Damage Plasticity model, and both are separately considering strain rate effect. The contacts of concrete to steel pipe and drop hammer to impact column are both used surface-to-surface contact (Explicit). In addition, there is tangential bond stress on the surface of concrete and steel pipe, and Tangential Behavior is used to consider the cohesive force.
Result Verification
The results of the finite element analysis are compared with the test results in Table 1 for the failure modes, the impact time histories, the mid-span final deflections. As shown in Fig. 1 , it can be seen that the simulated failure mode and deformation of the specimens are in good agreement with the experimental results. The deflection of midspan deflection is shown in the Fig. 2 , and the calculated results are in good agreement with the measured curves. As shown in the Fig. 3 , the comparison of the time history curve of impact force between the calculated and the experimental values, we can see that both the overall trend and the numerical value are in good agreement. In summary, it is shown that the numerical simulation of impact models suitable for different sizes of CFST specimens under impact load, which can describe the whole impact process well. Based on the model of extension, analysis of mechanical properties of CFST frames under impact load were carry out in the following sections. 
Progressive Collapse Analysis of Planar Composite Frame Multi Scale Finite Element Model
According to the relevant provisions of "Technical Specification for Concrete-filled Steel Tubular Structures" (DB62/T25-3041-2009) [7] , a typical 5-story, 3-span concrete filled steel tubular column-steel beam planer frame structure was designed with reference to the typical frame layout and practical load design, meeting the design of the normal use requirements. This paper conducts a comparative study taking into account the failure of the underlying middle column B. And the basic information of the model as follows: Building general information: Column spacing of 6 meters, 3.6 meters high, column feet and foundation consolidation.
Frame column: ○-360×6 mm.
Frame beams: Ι-300×250×8×12 mm (High × width × belly × wing).
Material information: Steel tubes and steel beams using steel S355, f y is 355MPa, f u 470MPa, concrete f c 40MPa.
Loads: All girders bear the same size vertical uniform load 45KN/m. Model sets the gravity and the structural weight does not include.
A balanced solution between the precision and the computational cost of the multiscale model is presented. Based on the above ideas, this paper presents a hybrid multiscale model of beam element, shell element and solid element. The fine impact column model, the fine node model and the overall multiscale framework model are shown in Fig. 4 . 
Method for Analysis of Progressive Collapse
Direct Simulation Method. Vehicle impact is one of the impact loads. The vehicle impact condition is highly uncertain. This paper adopts the equivalent frame [8] F800 truck frame, which divided into the chassis channel, engine, cargo three parts. The impact velocity of this model c25 is 120km/h, with the truck load to be 20t, and the height of the vehicle impact point is 1.8m.
Alternate Path Method. The AP method is suitable for the analysis of structural collapse under blast and impact loads, which is based on the assumption that the failure of one or several main vertical members of the structure can be used to calculate the residual structural response.
Collapse Criterion. In this paper, the nonlinear dynamic collapse analysis of CFST plane frame structure is adopted, therefore by using code GSA2003 [9] beam limit angle value of 12 degrees as a failure criterion here. In this paper, when the vertical displacement of the failed node is greater than 1275mm, the collapse occurred.
Comparative Analysis
The Displacement of Failure Point. Compared with the AP method, the maximum displacement of the model c25 is 1458>1275mm shown in Fig. 5 , the collapse occurred, which is 4 times of the AP method. 
Summary
This paper discusses the application of the method of resisting progressive collapse in the form of low velocity impact load. Related research conclusions are as follows:
The dynamic response of the remaining structure varies greatly under the two methods; the results of AP method cannot be used to evaluate the progressive collapse resistance of structures under impact loading; the axial force of the column must be close to two times the degree of richness to withstand the effects of the failure of the adjacent columns.
